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DESCRIPTION OF BOEING MODEL 360 HELICOPTER 
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MODEL 360 OVERALL DIMENSIONS AND GENERAL ARRANGEMENT 
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MODEL 360 AFT TRANSMISSION AND ROTOR SHAFT 
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MODEL 360 ENGINE SUPPORT STRUCTURE 
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ISOLATED COCKPIT AND FLOOR/FUEL MODULES 
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METHOD OF EXCITATION - HUB FIXTURE 
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METHOD OF EXCITATION - PLANNED SHAKER INSTALLATION 
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• INSTALLATION PROVIDES A SUITABLE MEANS OF ALIGNMENT 

• DYNAMIC SIDE LOADING OF THE SHAKER IS MWIMIZED BY DUAL 
DRIVE UNK FLEXURES 




METHOD OF EXCITATION - CHANGES IN SHAKER INSTALLATION 
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TEST GUIDES 

METHOD OF EXCITATION - CHANGES IN SHAKER INSTALLATION 
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MULTIPLE CHAIN HOIST ARRANGEMENT PROVIDES FLOATING SUPPORT 
POINT AND REQUIRES GUY WIRE ONLY TO CONTROL YAW POSITION 

LATERAL SHAKER BEAM ORIENTATION USED FOR VERTICAL EXCITATION. 
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VERTICAL/ROLL SHAKER INSTALLATION 
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LATERAL SHAKER INSTALLATION 
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TEST GUIDES - METHOD OF EXCITATION 
LATERAL SHAKER INSTALLATION 
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LONGITUDINAL SHAKER INSTALLATION 


CD I -X 

jz o c 

-P -P *r- 
O r- 
M— JZ 
OQ.OI 
> 

CO CO *r— 
r— ZJ P 
•*- 0*0 
m *r- 

-p > o> 

<u 0 ) JZ 
Q s- -P 
CL 

•p 

* O 03 
*— JC .C 

oa -p -p 

u 

•r- CZ O 

a ft lo 
>>-c 
-P -P to 

ui a) x 

♦r- > OJ 

jz +* c 

y S ° 

CL c 

£ § 

aj p 

CL+J 


*P 

a. 

a; 

u 

x 

a> 


c 

a> 

xj 


JZ 

3: 


c: 
o 

S £ — 

™ S 2 

, — s- c 
m «J o 

SfcS 

= '■5 

jz 

i— ^ 

03 CD 
C E -c 
♦ ^ O -P 
T3 P 
3 <*- -P 
-P 3 
•r- a> o 

03 r— _Q 
O _Q ro 
O *r- 
I — to "O 

> 2 


p 

o 

-p 

o 

p 

-p 

M— 

03 

CD 

JZ 

-P 

C 

o 

c 

o 

+-> 

m 


03 

-p 

to 

c 


p 

o 


a> *— 

p o 

03 C 


a> 

JZ 

P* -cJ 
p 
03 

« 2 

*r~ O 

C 

-P 03 
P JZ 
03 «P 


CD 


~o 

P 
03 3 

3* -P 
P X 
O *1- 


to 


p >> 


03 O 

■r- P 


P 

CL) 

JZ 

-P 

03 

P 


03 -Q 
=3 

to -Li 

* 

O T3 
JZ c 
to 03 

-c >> 

Q.r— 

03 _a 
P E 
03 cd 
O to 
-P to 
o m 

JZ 

a. j_ 

to -X 

•I- 03 

JZ JZ 
P to 


0 ) 

JZ 

-p 

o 

■p 

p 

03 


P 
0 ) 
Z 3 

o 03 


to 


■O 
c 

a) a» 
p--c 
p -p 
a> 

CL+J 
03 
to JZ 

-r- +J 


76 


TEST GUIDES - METHOD OF EXCITATION 
LONGITUDINAL SHAKER INSTALLATION 
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PITCH SHAKER INSTALLATION 
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TEST GUIDES - METHOD OF EXCITATION 
PITCH SHAKER INSTALLATION 
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METHOD OF EXCITATION - SHAKER CONTROL SYSTEM 
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• DIGITAL CONTROL UNfT PROVIDES CONTROL OF SWEEP LUO'S, 
SWEEP RATE AND LOAD SHAPMG 






TYPICAL DUAL SHAKER AMPLITUDE RATIO AND PHASE 
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TEST GUIDES - METHOD OF EXCITATION 
TYPICAL DUAL SHAKER AMPLITUDE RATIO AND PHASE 
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VIBRATION RECORDING AND ANALYSIS SYSTEM 
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TEST GUIDES 

ATION RECORDING AND ANALYSIS SYSTEM 
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TEST GUIDES 

VIBRATION RECORDING AND ANALYSIS SYSTEM - CONTROL STATION 
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TEST GUIDES 

VIBRATION RECORDING AND ANALYSIS SYSTEM - CONTROL STATION 
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TEST GUIDES 

VIBRATION RECORDING AND ANALYSIS SYSTEM - ANALYZER SOFTWARE 
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TEST GUIDES 

N RECORDING AND ANALYSIS SYSTEM - ANALYZER SOFTWARE 
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TEST GUIDES - VIBRATORY MEASUREMENTS AND PROCEDURES 

ENGINE MEASUREMENT LOCATIONS 
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TEST GUIDES - VIBRATORY MEASUREMENTS AND PROCEDURES 
MEASUREMENT COORDINATES AND SHAKER PHASING 
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NOTES: 1. PITCH/ROLL MOMENTS (IN-LB) = MASTER SHAKER FORCE x 64. 

2. VERTICAL SHAKERS PARALLEL TO ROTOR SHAFT AXIS. LONGITUDINAL AND LATERAL 
SHAKERS PERPENDICULAR TO SHAFT AXIS. 
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TEST GUIDES - VIBRATORY MEASUREMENTS AND PROCEDURES 

ACCELERATION MEASUREMENTS 
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TEST GUIDES - VIBRATORY MEASUREMENTS AND PROCEDURES 
TYPICAL ACCELEROMETER INSTALLATIONS 
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PRESENTATION OF RESULTS 
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• FORCED RESPONSE MODE SHAPES AT ESTIMATED NATURAL 
FREQUENCIES 
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rotor shaft bearing clearance is a potential source of nonlinearity, loads along the shaft axis 
(vertical) and normal to the shaft axis (longitudinal) have been selected. 
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MODAL PARAMETER ESTIMATES 
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Estimates of the natural frequencies and the modal purity of the associated shape 
can be enhanced by a number of analytical procedures. These procedures, however, 
are time-consuming and beyond the specified scope of this program. 


TEST GUIDES - PRESENTATION OF RESULTS 
FORCED RESPONSE MODE SHAPES 
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TEST GUIDES - PRESENTATION OF RESULTS 

sample forced response mode shapes 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 9.1 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB LONGITUDINAL EXCITATION AT 10.3 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 11.8 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB LATERAL EXCITATION AT 12.6 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 15.6 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB LATERAL EXCITATION AT 16.0 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
AFT HUB PITCH EXCITATION AT 17.0 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 18.3 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB VERTICAL EXCITATION AT 18.3 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB ROLL EXCITATION AT 21.9 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
FORWARD HUB ROLL EXCITATION AT 23.8 Hz 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
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TEST RESULTS - FORCED RESPONSE MODE SHAPES 
AFT HUB VERTICAL EXCITATION AT 28.8 Hz 
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A successful shake test program was conducted following the original test guides with only minor 
deviations. In summary: 
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SCHEDULE AND RESOURCES 
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